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Summary
Objective: Radiographic parameters used to deﬁne acetabular dysplasia may be related to anthropological characteristics independent of
dysplasia. The goal of the present study was to investigate the relationship between the minimal joint space width (JSW) of the hip and
the parameters that deﬁne acetabular dysplasia, in clinically normal subjects.
Design: One hundred and eighteen patients who underwent supine abdominal radiography for non-rheumatological indications and had no hip
pain or history of hip arthritis were evaluated. JSW was quantiﬁed manually using dial calipers, and center edge (CE) angle and acetabular
depth were measured for each hip.
Results: CE angle, but not acetabular depth, correlated (inversely) with the minimal hip JSW (r¼0.26 and 0.20, P¼ 0.005 and 0.038,
R (right) and L (left) hips, respectively). CE angle inversely correlated with the pelvic width (r¼0.27 and 0.27, P¼ 0.003 and 0.004,
R and L hips, respectively) and acetabular depth correlated with subject’s height (r¼ 0.27 and 0.42, P¼ 0.008 and <0.001 R and L hips,
respectively) and leg length (r¼ 0.27 and 0.45, P¼ 0.008 and <0.001, R and L hips, respectively). Also, pelvic width correlated signiﬁcantly
with the JSW (r¼ 0.27 and 0.20, P¼ 0.003 and 0.033, for R and L hips, respectively).
Conclusions: The radiographic parameters used to deﬁne acetabular dysplasia, CE angle and acetabular depth, are strongly associated with
anthropological variables and CE angle is associated with minimal JSW of the hip. It is important to recognize that height and limb length
variability may affect radiographic parameters of acetabular dysplasia, and thus may falsely suggest the presence of anatomic abnormalities
in some patients.
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Quantiﬁcation of the radiographic joint space width (JSW) is
a widely used surrogate method to evaluate the thickness of
the articular cartilage of the hip and the knee joints. In the
hip joint, the narrowest JSW has been suggested as the
best radiologic criterion to deﬁne osteoarthritis (OA) for ep-
idemiologic studies1. Acetabular dysplasia has been de-
ﬁned radiographically by a center edge (CE) angle <25
and/or an acetabular depth <9 mm2,3. Mild acetabular dys-
plasia has been identiﬁed as a prevalent predisposing
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Received 26 January 2007; revision accepted 26 May 2007.14factor for the development of hip OA, though there remains
a controversy concerning its overall signiﬁcance4e15. The
diagnosis of hip dysplasia is typically made based on radio-
graphic criteria, which include the acetabular depth and the
CE angle, both of which rely on the geometric relationships
between the femoral head and the acetabular roof. How-
ever, such radiographic parameters may be signiﬁcantly
inﬂuenced by anthropological traits independent of physio-
logical abnormalities, such as height and limb length. More-
over, hip JSW observed in standard A-P (antero-posterior)
radiographs may also be signiﬁcantly affected by these an-
thropological factors16. Thus, anthropological features, such
as body height and limb length variability may have signiﬁ-
cant effects on the frequency of diagnosis of both acetabu-
lar dysplasia and of hip OA, and may therefore actually
affect the interpretation of their association. For example,
it is recognized that there is a debate regarding the46
1447Osteoarthritis and Cartilage Vol. 15, No. 12Fig. 1. CE angle is the ABC angle and acetabular depth is the distance between D and E.association of hip OA and of acetabular dysplasia5,9, which
may be in part due to anatomic variability in the parameters
used to diagnose these conditions radiographically rather
than to actual disease. Here, we assessed whether there
is a signiﬁcant association between the narrowest JSW of
the hip and the acetabular depth and CE angle in normal
subjects, and whether any of these parameters correlate
with body height or leg length.
Methods
PATIENTS
The study group consisted of 118 consecutive patients
without clinical evidence of hip OA who underwent supine
abdominal radiography for non-rheumatologic indications
at Gazi University Hospital and who provided written
informed consent. Exclusion criteria included the presence
of symptomatic hip OA, a clinical history of OA or of any
inﬂammatory arthritis, prior hip pathology and lower extrem-
ity amputations. Details of the demographics and physical
parameters of the cohort were provided previously16. The
protocol was approved by the Gazi University Ethics Board.
RADIOGRAPHIC STUDIES
Standard supine abdominal radiographic views were
obtained, modiﬁed only in that the legs of the subjects
were positioned as if they were anteroposterior pelvic radio-
graphs, in extension and at 15 internal rotation. The dis-
tance between the X-ray source and the radiographic ﬁlm
was 100 cm. Each radiograph was deﬁned as adequate if
there was visualization of the entire joint space between
the femoral head and the acetabulum. X-rays were graded
for radiographic OA using the Kellgren and Lawrence (K-L)
severity scale17, and the narrowest JSW was determined
manually with dial calipers and employing our standard
methodology16,18. The joint space between the femoral
head and the acetabular roof was trisected into supero-me-
dial, superior and supero-lateral, and the location of the nar-
rowest JSW was recorded. The CE angle, deﬁned as the
angle between the line joining the center of the femoral
head to the lateral margin of the acetabular roof and the
line perpendicular to the line joining the centers of the
femoral heads2 was determined (Fig. 1). Acetabular depth,
deﬁned as the greatest perpendicular distance from theacetabular roof to a line joining the lateral margin of the ac-
etabular roof and the upper corner of the symphysis pubis
on the same side3, was also measured. The CE angle
and acetabular depth of each hip were measured using
standard methodology, and the distance between the cen-
ters of the R (right) and L (left) femoral heads (pelvic width)
was recorded. The CE angle and acetabular depth were se-
lected because they are included in standard radiographic
deﬁnitions of acetabular dysplasia. Moreover, as the radio-
graphs were abdominal views, not all skeletal landmarks
were available for evaluation.
Statistical analysis
SPSS for Windows (version 10) was used for statistical
analysis. Pearson correlations were obtained to investigate
linear relationships between JSW and CE angle and ace-
tabular depth and distance between femoral heads, as
well as between CE angle and acetabular depth and height,
leg length and distance between femoral heads. Student’s
t-test was used to compare the hip JSW in those with and
without mild acetabular dysplasia deﬁned by both radio-
graphic criteria. A P value less than 0.05 was considered
signiﬁcant.
Table I
Characteristics of the study patients
Age (years), meanSD (range) 44.0 16.3 (20e79)
Height (cm), meanSD (range) 165 10 (143e186)
Leg length
(cm), meanSD (range)
85 6 (65e103)
K-L score, number of patients
Right hip, grades 0 and 1 97
Grade 2 19
Left hip, grades 0 and 1 96
Grade 2 22
CE angle (degrees), meanSD (range)
Right hip 37 7.1 (18e58)
Left hip 35.8 7.1 (20e61)
Acetabular depth (mm), meanSD (range)
Right hip 10.6 2.5
Left hip 11.5 2.8
Pelvic width* (mm), meanSD (range) 20.7 1.0
*Distance between the center of right and left femoral heads.
1448 G. A. Daysal et al.: Correlations of joint space width and center edge angleFig. 2. CE angle as a function of the narrowest JSW for right (A) and left (B) hips. CE angle signiﬁcantly correlated (inversely) with the
narrowest JSW.The estimated sample size to detect a Pearson correla-
tion coefﬁcient (r) of 0.3 with a power of 80% was 85, and
r of 0.25 with a power of 80% was 123 (with a two-tailed
a of 0.05).
Results
One hundred and eighteen patients (58 females, 60
males) were evaluated. Ages ranged from 20 to 79 years,
with a mean of 44.0 16.3 years (mean SD)16. The distri-
bution of K-L grades is given in Table I. Eighty-two percent
of R hips and 81% of L hips had K-L grade 0 or 1 OA and
the remaining hips were grade 2. None of the patients had
grade 3 or 4 OA. Overall, the mean narrowest JSW was
3.61 mm 0.58 (meanSD) in the R and 3.63 0.59 in
the L hips16. Thirty-two subjects (27%) had radiographic cri-
teria for dysplasia at least in one hip, deﬁned by a CE angle
<25 or acetabular depth of <9 mm. The CE angles in the
study group were 37.0 7.1 and 35.8 7.1 (meanSD)
on the right and left, respectively; and acetabular depths
were 10.6 2.5 mm and 11.5 2.8 mm on the R and L,
respectively (Table I). The CE angle, but not acetabular
depth, correlated (inversely) with hip JSW (Fig. 2) (Pear-
son’s r¼0.26 and 0.20, P¼ 0.005 and 0.038, for R
and L hips, respectively) (Table II). When women and
Table II
Correlations of the narrowest hip JSW as a function of measures of
acetabular dysplasia and the pelvic width
Characteristic JSW
Correlation coefﬁcient P value
CE angle
Right hip 0.26 0.005
Left hip 0.20 0.038
Acetabular depth
Right hip 0.001 0.99
Left hip 0.11 0.30
Pelvic width*
Right hip 0.27 0.003
Left hip 0.20 0.033
*Distance between the center of right and left femoral heads.men were analyzed separately, the inverse relationship be-
tween the narrowest JSW and the CE angle remained sig-
niﬁcant (r¼0.19 and 0.27, P¼ 0.046 and 0.003, for
women and men, respectively), but did not appear to differ
between genders. The correlation between the CE angle
and the narrowest JSW varied with the location of the nar-
rowest JSW (Table III). The correlation was signiﬁcant when
the location of the narrowest JSW was supero-medial or
supero-lateral, but not when it was superior. The CE angle
also inversely correlated with the pelvic width (Fig. 3)
(r¼0.27 and 0.27, P¼ 0.003 and 0.004, for R and L
hips, respectively), and acetabular depth correlated with
subject’s height (Fig. 4) (r¼ 0.27 and 0.42, P¼ 0.008 and
<0.001, for R and L hips, respectively) and leg length
(Fig. 5) (r¼ 0.27 and 0.45, P¼ 0.008 and <0.001, for R
and L hips, respectively). Pelvic width correlated signiﬁ-
cantly with the JSW (Fig. 6) (r¼ 0.27 and 0.20, P¼ 0.003
and 0.033, for R and L hips, respectively).
There were no differences in the mean narrowest JSW
between those subjects with acetabular dysplasia and
those without, regardless of whether acetabular dysplasia
was deﬁned by CE angle (P¼ 0.8 and 0.3 for R and L
hips, respectively) or by acetabular depth (P¼ 0.4 for both
R and L hips). However, there were only ﬁve subjects
who met the criteria for acetabular dysplasia, as deﬁned
by CE angle <25 (only two of them had CE angle <20).
Similarly, there was no difference in CE angle or acetabular
depth among subjects with no or minimal radiographic OA
Table III
Relationship between the narrowest hip JSW and CE angle with
respect to the location of the narrowest JSW. Data from right and
left hips were combined for these analyses
Location of
the narrowest
JSW
CE angle
n Correlation
coefﬁcient
P value
Supero-medial 102 0.349 <0.001
Supero-
intermediate
68 0.081 0.51
Supero-lateral 63 0.346 0.006
‘n’ denotes number of hips evaluated.
1449Osteoarthritis and Cartilage Vol. 15, No. 12Fig. 3. CE angle as a function of the pelvic width for right (A) and left (B) hips. CE angle signiﬁcantly correlated (inversely) with pelvic width.
Fig. 4. Acetabular depth as a function of the subject’s height for right(A) and left (B) hips. Acetabular depth signiﬁcantly correlated with height.
Fig. 5. Acetabular depth as a function of the leg length for right (A) and left (B) hips. Acetabular depth signiﬁcantly correlated with leg length.
1450 G. A. Daysal et al.: Correlations of joint space width and center edge angleFig. 6. The narrowest JSW as a function of the pelvic width for right (A) and left (B) hips. The narrowest JSE signiﬁcantly correlated with the
pelvic width.(K-L grades 0 and 1) relative to those with more advanced
evidence of OA (K-L grade 2), P¼ 0.2 and 0.4 for R and L
hips, respectively, for CE angle, and 0.2 and 0.7 for R and L
hips, respectively, for acetabular depth.
Discussion
In this study, we demonstrated that in normal individuals,
CE angle and acetabular depth, parameters used to deﬁne
acetabular dysplasia, are associated with anthropological
measures. Speciﬁcally, these data suggest that acetabular
depth correlates directly with vertical body dimensions,
such as height and leg length, whereas CE angle correlates
inversely with horizontal dimensions, such as pelvic width.
In addition, we demonstrated that the narrowest JSW at
the hip is inversely correlated with CE angle in clinically nor-
mal individuals. We previously reported that JSW also cor-
relates with body height, femoral head diameter, and leg
length16. Taken together, these ﬁndings imply that at least
some of the controversies previously observed between ac-
etabular dysplasia, as deﬁned by CE angle, on the one
hand, and radiographic hip OA, as deﬁned by the narrowest
JSW on the other hand, may be at least in part due to an-
thropological traits rather than exclusively to the pathophys-
iology of hip OA. The narrowest JSW did not differ between
those with and without acetabular dysplasia despite a signif-
icant correlation between the CE angle and the JSW. This
discrepancy is most likely due to the small number of sub-
jects with acetabular dysplasia in this study group.
Lequesne et al., in a study of 223 normal pelvic radio-
graphs, similarly found an inverse relationship between
JSW and CE angle, but they did not report a relationship be-
tween JSW and acetabular depth19. These ﬁndings are in
agreement with the present data; however, in contrast to
the present study, Lequesne et al. assessed hip JSW at
three pre-deﬁned points (supero-lateral, apical, and
supero-medial), rather than the more conventional mea-
surement of the narrowest JSW.
Analyses of the relationship between the site of the nar-
rowest JSW and the CE angle were signiﬁcant in both the
supero-medial and supero-lateral locations, but not when
the narrowest JSW was located superiorly. This may have
been due to the small number of hips in this group, andlarger studies would be needed to understand the associa-
tion between the location of the narrowest JSW and the an-
thropological parameters.
In this study, supine abdominal radiographs obtained for
urological indications were employed, rather than standard
skeletal hip and pelvis views. This provided an opportunity
to analyze a large number of asymptomatic normal control
hips, although it also represented a weakness of the study
because the supine abdominal view is not the optimal view
for musculoskeletal parameters at the hip. Nonetheless,
we16 and others15 have previously validated the use of this
radiographic view for the quantitative analysis of hip JSW.
Mild acetabular dysplasia has variously been claimed to be
both a risk factor5 and a protective factor9. The inverse rela-
tionship noted in the present study between the hip JSW
and radiographic acetabular dysplasia in an asymptomatic
normal population might explain at least part of this contro-
versy, since radiographic JSW is frequently used to deﬁne
hip OA, especially in epidemiologic and community-based
studies. An inverse relationship between CE angle and
JSW in normal individuals could be deceptive. The reason
for this is, by deﬁnition, that acetabular dysplasia involves
a narrow CE angle. The results of this study suggest that if
the CE angle is narrower, the JSW is wider in the normal pop-
ulation. These ﬁndings should be considered in hip OA stud-
ies, especially when dysplasia is deﬁned using the CE angle.
Moreover, in light of these ﬁndings, it would be important to
evaluate a large population-based cohort to deﬁne size spe-
ciﬁc norms so that acetabular dysplasia could be more reli-
ably evaluated in the general population.
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